A project in the Public Transportation Synthesis Series 16. Abstract Fixed route transit scheduling is an undervalued and often misunderstood task of public transit agencies. It is a complex process that involves several detailed analytical procedures. Trip building, blocking, runcutting, and rostering are all sub-tasks of the overall task of scheduling. This project examines the basic framework of the scheduling process to provide a general understanding of the subject.
Introduction
Fixed route transit scheduling is an undervalued and often misunderstood task of public transit agencies. It is a complex process that involves several detailed analytical procedures. Trip building, blocking, runcutting, and rostering are all sub-tasks of the overall task of scheduling. Throughout the process, there are various inputs that shape and define the procedures requiring a scheduler to constantly reassess and alter the outputs. Symbolically, transit scheduling can be compared to designing a jigsaw puzzle: painting the picture (trip building), cutting the puzzle into pieces and taking it apart (blocking and runcutting), and putting it back together again (runcutting and rostering).
The manual scheduling process has become a highly specialized field over the history of fixed route bus transit in North America and more specifically the State of Florida. Typically, one or two persons per transit system were given the assignment of scheduling for their systems. These transit schedulers have been entrusted with providing highly efficient and workable solutions that satisfy local labor agreements and agency rules.
The arrival of the computer age in the 1980's has ushered in a host of new software programs to assist the transit scheduler in his tasks. This automated scheduling software provides another more advanced method for scheduling fixed route transit services. This software enables agencies to set up the parameters of their work rules into the program and automates certain aspects of the scheduling process that ideally provide more efficient schedules. Other potential benefits of automated scheduling include: the reduction of staff time needed for scheduling processes, cost savings of reducing vehicles or operators needed, and the flexibility and functionality inherent with computer software programs.
The main objective of this project was to examine current scheduling practices at transit systems in Florida and assess each agency's scheduling issues and potential need for technical assistance in schedule development. A scheduling survey was designed and distributed to all Florida fixed route transit systems. The results of this survey are presented and analyzed with a specific emphasis on comparing systems that use automated scheduling software versus those that continue to schedule using manual processes. A basic framework of the scheduling process is also described to provide a general understanding of the subject area. Three application overviews are presented: a review of Jacksonville Transportation Authority's (JTA) use of GIRO HASTUS, Hartline's (Tampa) use of Trapeze software, and Regional Transit System's (RTS) (Gainesville) use of Fleet-Net (the only agency in Florida to utilize a software package other than Trapeze or HASTUS). These three fixed route software packages encompass all of the automated scheduling software currently in use at Florida transit properties. Finally, the future potential of a state-wide scheduling resource center to assist Florida transit agencies with their scheduling needs is explored.
Fixed Route Transit Scheduling in Florida: The State of the Industry
-3 -
The Scheduling Process
Scheduling for fixed route transit service is a highly technical activity that requires an extensive knowledge of transit terminology. Throughout this section, TCRP Report 30, "Transit Scheduling:
Basic and Advanced Manuals" is referenced heavily for definitions and explanations of various transit scheduling terms. The following diagram ( Figure 1 ) assembles these terms and displays the data flow of the various inputs and outputs of the four sub-tasks (trip building, blocking, runcutting, and rostering) in the fixed route transit scheduling process. 
INPUTS
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Figure 1 -Fixed Route Transit Scheduling Data Flow
Trip Building
Trip building (or creating time tables) is the foundation of the scheduling process. It involves creating the "master" service schedule, which indicates all of the times that revenue service vehicles are scheduled to be at specific locations along the route to address customer service demands. The trip building process is usually managed by a specific scheduler or Scheduling Department, or a combination of Planning and Operations Departments. Other departments, such as Marketing and
Finance may contribute information to the process.
Various characteristics that are considered outputs of the trip building process include cycle times, layover and recovery time, number of vehicles required per route, timed transfers, running times, and interlining considerations. Cycle time measures the total time it takes a bus to make a round trip on the route and is a required measure for building a master schedule. Cycle time also includes an amount of time for layover and recovery time. Layover time can be defined as rest or "break" time allocated to the operator. The minimum amount of layover time is usually dictated by labor agreement, agency standards, or past practice. Recovery time is "buffer" time built into the schedule that may or may not be needed by the operator. If the vehicle is behind schedule, the recovery time allows it to catch up to its schedule at the end of the line. While recovery time and layover time are often taken at the same location, recovery time is distinct and likely allocated at the discretion of the agency. The total cycle time is used to determine the number of vehicles required to operate each route on the desired headway. For example, if the cycle time of a route is 90 minutes and the desired headway is 30 minutes, then the route will require three vehicles in operation. Maintaining a fixed interval frequency will sometimes lead to excessive recovery time assigned to a route. When this occurs, a scheduler can recommend several options to the Service Planning Department or Management. The headway could be made shorter, the route could be lengthened to serve a larger area, the route could be deviated, or the route could be interlined with another route.
Timed transfers require that vehicles converge at a common location at approximately the same time, so that passengers can depart one vehicle and board another. Schedules are often designed such that timed transfers take place at the most heavily used locations to minimize the wait time for the most passengers. If an agency uses timed transfers, those locations will dictate the remainder of the affected routes schedules. Timed transfers may also result in the need for extra layover or recovery time so that trips arrive and leave at the same time. Therefore the scheduler has to constantly balance the master schedule between the often opposing goals of cost effectiveness and responding to the customer needs.
Whether using manual or automated scheduling, the process of creating the master schedule for a transit system requires collection of spatial and temporal data. A majority of systems use Operation Supervisors or Planners who go out "in the field" to determine time points, define route structure, and measure running times. Interlining is another consideration during the trip building phase of the scheduling process. It involves scheduling a vehicle to switch from one route to another route during a service day. It is a practice that a transit system can utilize that may result in reduced costs to the agency and provide a convenience to the passenger. Additional potential benefits include the elimination of end-of-line looping, reduction of excessive layover or recovery time, and the reduction of passenger transfers from vehicle to vehicle. Transit agencies often have policies that define the amount and location of interlining that can be scheduled.
The final result of the trip building task will be a set of time tables for each route that provides the time at which every vehicle in the system is at the defined time points. For an agency converting from manual scheduling to automated scheduling software, the initial set-up of relevant data in the program is the most difficult and time-consuming task and occurs both before and during the trip building task. The majority of this data can be pulled from existing data sets, but the set-up process will still require a solid understanding of how the software works and a considerable amount of time for data entry. Agencies that make the conversion to automated software often have a long adjustment period for training and learning the intricacies of the programs.
Blocking
After a "master" service schedule is established, the next step in the scheduling process is blocking.
Blocking involves creating assignments that describe the activity for a single vehicle for a single service workday. These assignments often contain several vehicle trips that are linked together as part of the block. Each block may cover more than one route and usually involves more than one operator during the course of one day.
Blocking is a critical element in the scheduling process because it serves as the basis for revenue and non-revenue vehicle operating costs as well as influencing labor costs. As in the trip generation process, there may be agency policies that affect the blocking process. Three policies that greatly affect the process are layover/recovery time, layover locations, and interlining.
For optimal blocking, it is important to know whether the layover/recovery policy represents a guideline, or is a hard and fast rule which must be followed even if it impacts blocking efficiency.
One commonly used policy requires a minimum layover and recovery time of 10 percent of the total cycle time.
Layover time can become a factor, because it must be taken in a safe location where a vehicle can stand still without impeding traffic and provide a safe resting location for operators. Layover and recovery time is generally taken at the end points of the route where it will inconvenience the fewest passengers. However, if the end points are considered to be inadequate layover locations, then another point on the route must be used, which may impact the overall scheduling process.
The vehicle blocking process can be an extremely complex task. The scheduler must have a firm grasp of the complexities of their work rules and their bus network. In addition to the agency policies listed above, there is a multitude of other possible factors that complicate the blocking process.
Multiple terminals, variable running times, headway variations between peak and non-peak service, and "extra" trips for school service are just a few examples of factors that may have an influence.
There are two main goals of the blocking process: to optimize the number of vehicles required to provide the scheduled service and to minimize the amount of deadhead time. Deadhead is the time it takes a vehicle to travel from the garage to the start of revenue service (in customer use). Deadhead also refers to the time it takes the vehicle to return to the garage after serving its final stop on its last run. The amount of deadhead time can be reduced by limiting the number of times that vehicles must travel back to the garage and by limiting the distances the vehicle has to travel from the garage to its first time point and from its last time point back to the garage.
The actual manual blocking process requires the use of blocking sheets (likely in a spreadsheet program). The blocking sheet is a tool to help the scheduler document the trip start and end times associated with each vehicle. Information that is entered into the blocking sheet includes: the block number, the pull-out and pull-in times, the trip numbers, the departure and arrival times at the terminal points, and layover plus recovery time which are used to determine the time the trip can be hooked to another trip. A common blocking number convention is to assign a four digit number to each block with the first two digits defining the route number and the last two digits for the block number. Pull-out refers to the time that an operator must leave the garage in order to be at the first time point of the route on schedule. Pull-in is the time the vehicle is due back at the garage after revenue service ends. It is helpful to denote the trip numbers on the blocking sheet and the master schedule to ensure that all trips are blocked.
A block summary recap for each route can be used to summarize all blocks created for that route by
showing only the first and last trip of each block. From this recap, the total platform hours can be calculated for each route. Platform hours measure the total time during which an operator is behind the wheel of a vehicle in both revenue and non-revenue service and is a key statistic used during runcutting.
Graphing the blocks is another valuable tool that later assists in the runcutting process. A feature of scheduling software is its capability to graph blocks automatically. Automated scheduling software also has the capability of simultaneously considering all blocking possibilities and selecting the most Fixed Route Transit Scheduling in Florida: The State of the Industry -9 -optimal solution. This process takes the software only a fraction of the amount of time it requires for a scheduler to block the trips manually using blocking sheets, much less find an optimal solution.
Runcutting
The third process in scheduling transit service is runcutting. It can be defined as the process of assigning drivers to vehicles. These assignments, also known as "runs", are assembled or "cut" from the vehicle assignments (blocks). Blocks can be cut and assembled in such as way as to create either straight runs or split (multi-piece) runs. Straight runs imply continuous work of a longer duration. A straight run generally consists of a single block piece of work close to eight hours or more, which is a suitable span for assigning an individual driver for a full work day. A straight run may also consist of two block pieces separated by a paid break (usually under an hour) in between. A split run generally consists of two (sometimes three) work assignments with unpaid breaks in between. The operator is considered off-duty during this time.
Runcutting is a critical task in the scheduling process because it defines the number of operators ultimately needed to operate the service reflected in the master schedule. Once again, this process must take into account any established work rules or agency policies. Typical rules include: minimum and maximum platform time, report and turn-in allowances, spread time and spread penalty, relief locations and allowance, make-up allowance, and run type percentages.
Minimum and maximum platform time refers to the allowable length of time that an operator may be scheduled to be behind the wheel of a vehicle in both revenue and non-revenue service. Platform time also includes time for operators to pull-out and pull-in. At many agencies, block pieces that cannot be assembled into runs of minimum platform length (based on work rules) are generally assigned to part-time operators or the Extra Board (a contingency of operators on stand-by who fill in for other operators).
Report and turn-in allowances refer to the length of time for operators to get their vehicle ready before pull-out and to attend to any duties after pull-in. A typical work rule may specify a ten minute report allowance and a five minute turn-in allowance. For split runs, the turn-in allowance will be associated with the last piece of work.
Spread time is defined as the total elapsed time between the first report time and the final turn-in time of a run. A spread maximum typically applies to split runs and, depending on the union contract or state regulation, can vary between 10 and 15 hours in duration. The spread penalty for an agency violating this rule is typically a payment ranging from ½ time to full-time pay for the amount of excess minutes.
Relief points are locations set up by the agency where relief operators report to replace operators whose shifts end at another location other than a garage. Relief points are necessary when the time that the vehicle operates in a given day is longer than one operator is capable of working. They are also required when an agency schedules split shifts. A relief allowance is typically paid to operators who are required to travel from the relief location back to the garage and vice versa.
A make-up allowance is payment for time not actually worked by an operator so that the pay time is equal to the minimum daily or weekly guarantee. For example, a run that totals seven hours and 50 minutes during a service day will be paid ten minutes of make-up time if the minimum daily work hour guarantee is set at eight hours.
Run type percentages refer to the percentage of runs that must be straight versus split as determined in the agency work rules. A typical run type percentage stipulation requires that ½ of all runs must be straight runs; while one third of the remaining split runs must not exceed a 12 hour spread. Split shifts are generally not well liked by operators and may result in higher operating costs for agencies and therefore it is beneficial to limit their use. Automated Scheduling software can provide a legal solution that will often exceed the required run type percentage and in many cases can improve the cost efficiency of service.
All of the above mentioned work rules will have an influence on the runcutting process. With these rules in mind, a scheduler can now assemble a Run Guide. A Run Guide records the work and pay components of the various runs and guides the scheduler in reviewing the runs individually and collectively. After all runs are recorded on the Run Guide, the scheduler can now review and adjust the runs to provide a more optimized runcut. During optimization, the scheduler strives to: achieve the fewest number of runs necessary to provide the desired level of service, equalize platform time and pay hours among runs, ensure the runs conform to labor agreements and agency policies, and facilitate the calculation of accurate pay hours. The larger the number of block pieces that exist, the 
Rostering
Rostering is the process of grouping daily operator runs into weekly run packages that operators are given the opportunity to "pick" or "bid" for a specified bid period (also known as the mark-up or lineup). The order in which operators bid on the runs they want is usually based on seniority.
Weekly run packages or rosters sometimes consist of five 8-hour daily runs. Other agencies prefer to utilize four 10-hour daily runs instead. When part-timers are used, the weekly rosters may consist of two, three or four daily runs. For agencies having difficulty hiring and retaining operators, the use of five 10-hour daily runs is a common practice; however this will likely result in higher overtime costs.
The rosters remain in effect until the next mark-up (pick, bid) which generally occur 3 or 4 times per year.
There are two basic types of rostering: operator developed (also known as cafeteria style) and agency developed. Under the cafeteria style of rostering, an operator can choose both specific daily runs and days off from a master list. An operator list is created by the agency that generally lists operator's names in seniority order and a time slot to pick their runs. Schedule and/or Operations Department staff will usually monitor the mark-up to ensure that operators pick work according to seniority and that all rules governing the process are adhered to. Certain restrictions may be enforced such as consecutive days off, mixture of run types, and a minimum number of off-duty hours required between each daily run. Cafeteria rostering is generally addressed very specifically in a labor agreement.
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Even though the agency developed rostering is likely to be more cost effective, some agencies continue to employ cafeteria style bidding. There are two potential reasons. First, it may be required by labor agreement. Secondly, some agencies believe that operator morale is higher when they get to select their own daily runs and therefore this could translate into improved attendance, fewer accidents, reduced worker compensation claims, and fewer customer complaints.
Automated scheduling software also contains various cost-effective rostering techniques, the use of which will depend upon agency policy and work rules. If an agency uses cafeteria style bidding, there is little benefit seen from using the software. However if an agency develops their weekly rosters, then the software contains many options in creating a roster that satisfies the goals and policies of the agency. Like the runcutting process, the software also allows the scheduler to run scenarios for rostering. More promisingly is the fact that all agencies that do not use an automated scheduling software package answered with either a yes or maybe answer. Among the medium-sized systems, one agency answered yes and four agencies answered maybe. Among the small-sized properties, four agencies answered yes, two agencies answered maybe, and one agency did not provide an answer. Based on these results, it is apparent that there is a general interest among small to medium sized transit agencies in the State of Florida in pursuing the benefits of fixed route automated scheduling.
Q9. Level of Satisfaction with Scheduling Practices
Further affirmation of interest is evident in a write-in response from the Indian River Council on Aging, which is classified as a small system based on the size of its fixed route fleet; however the respondent refers to it as a medium sized system. "The problem for medium sized systems is the software is highly expensive and updated hardware is usually needed thus increasing the cost even more. If CUTR could purchase and provide automated software at a reasonable cost, many more rides could be provided with the cost saving features of the software. This is a great idea and so needed by us mid-sized systems." Table 1 for complete results. 
Rostering/Bidding
Customer Service
Integrated with financial system -pay operators
Other -Maintenance management
Other -Transfer run changes
Other -Integrated with other software -MIDAS, Smart Trac, Corel √ 1
x -to be implemented in 2005
Question #15 asked what benefits the agencies experienced from using automated scheduling software. A list of potential benefits was provided on the survey, with the option to write in other benefits not listed. All eight agencies stated that using automated scheduling software sped up the scheduling process (saved time) and was an easier process than manual scheduling. Flexibility was a benefit for six agencies and cost savings were achieved at six agencies. The reduction of operators was a benefit for four agencies, and the reduction of vehicles was a benefit for three agencies. There were three write-in answers listed below. Table 2 shows the complete results. Process is faster than manual (save time)
Process is easier than manual
Process is more flexible
Cost savings achieved
Reduced drivers needed
Reduced vehicles needed
Other -build schedules to make corrections on multiple routes
Other -overtime control/reduction
Other -improved interlining opportunities Question #17 asked for those agencies that use automated scheduling software to list any specific observations or measured benefits that they have achieved. RTS, which uses FleetNet, claims that the software provides a better way to keep driver's time, eliminates re-bids due to manual errors, and provides more accurate information. LYNX, a Trapeze FX user, states that the software enabled them to analyze daily operator costs for run cut scenarios, increase their ability to cut "straight" runs with no additional operating costs, and cut back on the number of split runs (from 50 percent to under 20 percent). MDT, which also uses Trapeze software, sites the benefits of
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-27 -standardization of running times by route, more valid data, and greater availability of reports. Polk claims better customer service and better accuracy of bus stop locations from using Trapeze. BCT, which uses GIRO HASTUS, achieved a reduction of nine operator positions after two run cuts using the software. BCT also cited a reduction in time scheduling relief vehicles. What used to take them two weeks can now be accomplished in 2-3 days. HASTUS integrated reports help to eliminate erroneous information distributed among the BCT staff. JTA, which also uses HASTUS, is the subject of an application overview in this report and their observations and benefits are displayed in greater detail in that section. Hartline is the transit system chosen for a case study of an agency using Trapeze. Table 3 Other modules purchased were OPS (dispatching), INFO (customer service), PLAN (planning tools), PASS (paratransit scheduling), and FLEX (route deviation scheduling). Table 4 shows the initial costs (including installation and project management costs) and the maintenance costs associated with each module. of the software to three workstations. This will not likely be an issue for small to medium transit systems as they will not likely need to install the software on multiple machines. Likewise, if CUTR was to purchase a scheduling software package, the unlimited licensing would likely not be a factor in the decision on whether or not to purchase HASTUS.
Hartline's satisfaction with Trapeze depends on which department you ask. The Scheduling Department, which consists of four staff members (1 Transit Operations Analyst II, 2 Transit Operations Analyst I, and 1 Transportation Assistant), has been mostly pleased with the software and its capabilities. They acknowledged the excessive length of the installation period and attributed it to the lack of knowledge base of the Trapeze specialists. However, they claimed that as the specialists have become more experienced with the software, the customer service has dramatically improved.
On a scale of 1-10, the scheduling department gave Trapeze a 7.5 stating that it provides what they need. Some benefits that were mentioned by the staff were that the software was faster than G/Sched and was also more accurate. This enables the staff to complete the bidding process in a more timely fashion. The current method of bidding is weekly rostering, which replaced the cafeteria style bidding in January 2003. Hartline is creating manual rosters, due to the automatic rostering tool in 
Conclusions
The use of automated scheduling software at the larger transit systems in Florida has yielded various improvements to their scheduling process. Scheduling software is an iterative tool that provides the scheduler with greater flexibility, functionality, and control over scheduling their services. It also works to reduces mistakes, improve vehicle and operator efficiencies, reduce staff time on tedious activities, and provide better reporting capabilities.
As reflected in the fixed route scheduling survey, there is an interest among some small to medium sized transit systems in realizing the benefits of automated scheduling software. Of the eleven (11) fixed route transit systems that currently do not use automated scheduling software, five (5) agencies were interested in some form of scheduling assistance, and the other six (6) did not respond no to assistance, but rather answered that they would need more information before making a decision.
Scheduling software costs and computer hardware costs in general were viewed as the most prohibitive aspects of attaining scheduling software. The costliness of these software packages were confirmed when completing the application overviews. Small to medium sized properties in particular typically do not have the resources to justify the purchase of automated scheduling software. Furthermore, the learning curve and extensive set-up time required is a potential obstacle for small to mid-sized systems.
The application overviews examined the three software packages currently in use at transit systems in Florida. Pros and cons exist for each software package, only some of which were examined in this report. While Trapeze and GIRO HASTUS are the current leaders in transit scheduling in the state, no specific recommendation is made as to the best scheduling solution for Florida transit systems.
Based on the findings of this report, a mechanism could be explored that would enable selected small to medium sized transit systems in Florida the opportunity to provide more efficient services through automated scheduling. CUTR, as a transportation research institute that provides specific technical support to Florida transit systems, is a valuable resource that can be utilized for scheduling support.
Another potentially valuable resource is the wealth of knowledge and experience that exists at Florida transit systems that currently use automated scheduling software. This knowledge base can be exploited by the creation of a peer-to-peer network or a consulting service. Lastly, systems using automated scheduling software could also benefit from additional training opportunities, especially those systems that are newer to the automated scheduling environment.
